A person experiencing more than one medical condition may have ambiguous clinical presentation. ITP is a serious autoimmune disease with little epidemiological evidence on its burden, risk factors, and comorbidities. Using the United Kingdom general practice research database, we conducted a 14 years population-based case control-type study to explore medical conditions more likely to cooccur with ITP and their temporal relationship in association with ITP. ITP patients were matched to non-ITP on practice, age, gender, and follow-up period. Potential comorbidities were represented by patients' medical information at the preferred term level of the MedDRA international classification. As well as death (OR = 60.0; 95% CI [4.47-806.0]) and known clinical signs and symptoms of ITP, ITP is associated with considerable number of medical conditions. The association between ITP and some of these conditions is apparent both before and after ITP diagnosis. Specific targeted studies can now be setup to reexamine observed associations.
Introduction
Idiopathic thrombocytopenic purpura (ITP) is a serious acquired autoimmune disorder characterized by a low platelet count (thrombocytopenia) and mucocutaneous bleeding [1] . It is commonly assumed that ITP results from autoantibodies causing accelerated platelet destruction. Recent data suggest that autoantibodies may also inhibit platelet production [2] . The diagnosis of ITP is complex and is very often based on the exclusion of other causes of thrombocytopenia [3] [4] [5] [6] .
ITP is traditionally divided into acute and chronic forms, based on the duration of thrombocytopenia (i.e., less than 6 months for acute and more than 6 months for chronic) [5] . ITP is generally acute in young children and typically, occurs a few days to a few weeks after an infection (e.g., varicella zoster virus). ITP in children is thought to be a benign and self-limiting disorder with an excellent prognosis. In contrast, ITP in adults is primarily chronic, and the onset is often asymptomatic. The disease is more prevalent in females than males [4] .
There is relatively little epidemiological evidence on disease burden and risk factors; prevalence in adults and children may range from 9.6 to 189 per 100 000 person [7] [8] [9] . Frederiksen and Schmidt [7] estimated incidence of 2.7 per 100 000 person per year in Denmark. Our recent estimation of the prevalence of chronic ITP in the United State using a large U.S. claim database gave 20.3 per 100 000 person [10] .
The coexistence in an individual with two (or more) medical conditions is commonly referred to as comorbidity. More specifically, Feinstein [11] defines comorbidity as "any distinct additional clinical entity, that has existed or that may occur during the clinical course of a patient who has the index disease under study." A person experiencing more than one condition may present with an ambiguous clinical presentation [12] . Thus, knowledge of disease comorbidities 2 Advances in Hematology can provide a better understanding of disease burden as well as inform diagnosis and treatment decisions. For example, the investigation of idiopathic normal pressure hydrocephalus (INPH) comorbidities confirmed the early suspicions of INPH as a multi-aetiological clinical entity possibly overlapping physiologically with cerebrovascular and Alzheimer diseases [13] . Disease comorbidities also have consistently been shown to be important prognostic factors of a number of health conditions including cancer, independent of the tumour stage [14] [15] [16] [17] [18] . Colinet et al. [19] suggested that comorbidities may explain in part the variability in survival observed from stage I nonsmall cell lung cancer. So, the importance of comorbidity studies is well acknowledged in the literature and their use well documented.
However, evidence on ITP specific comorbidities is sparse. Indeed, apart from the known symptoms of the disease (i.e., bleeding, petechia, purpura, etc), to our knowledge, there is little empirical evidence in the literature on the association, or lack of it, between ITP and other medical conditions. Knowledge of ITP specific comorbidities, that is those frequently occurring with ITP, may provide a better understanding of ITP disease progression, ITP disease burden, and could inform treatment decisions. Their knowledge might lead to preventive measures, early diagnoses, and better disease management. Comorbidities of ITP can also help put into context potential safety signals and improve clinical trial design and planning. Hence, using "real world" evidence, this study aims to reduce the knowledge gap. More specifically, using a large UK healthcare database, the paper describes the basic characteristics of an ITP population and identifies other medical conditions more likely to cooccur or to be diagnosed with ITP. Furthermore, comparing the ITP cohort to a matched non-ITP cohort, the study investigates potential temporal relationship in the association between identified comorbidities and ITP.
Material and Method

Data Source.
The study population includes patients registered on UK's general practice research database (GPRD) during the period 1990-2004. The GPRD has been described elsewhere [20, 21] and has previously been used to study comorbidities of newly diagnosed COPD and asthma [22] among other things. Briefly, the GPRD contains detailed information on diagnoses, prescribing, GP investigations, outcomes, and hospital referrals, together with basic demographic information for about 6 million patients from more than 370 representative general practices throughout the UK. The database is population-based and representative of the age, sex, and geographic regions of the UK [21] . Data quality is monitored continuously by the UK Medicines and Healthcare products Regulatory Agency (MHRA), and practices that fail to maintain the required standards are removed. The completeness and accuracy of the recording of medical information have been validated [23] [24] [25] [26] . This study was approved by the scientific ethical and advisory group for the GPRD.
Study Design and Case Definition.
A case control studytype approach was utilized. ITP patients (cases) were identified using READ or OXMIS codes (contact authors for details). Patients with less than 1 year of follow-up before or after the first diagnosis of ITP were excluded. For each ITP case up to five, non-ITP patients (controls) were matched on practice, age, gender, and follow-up period. The index date of a case was the first ITP diagnosis date, while that of a control was the index date of his/her matched ITP case. Potential controls also had to have at least one medical record or a recorded prescription in the database within one year before or one year after the ITP diagnosis date.
Potential comorbidities were all medical conditions listed in the GPRD of the cases and/or controls at preferred term level (PTL) of the medical dictionary for regulatory activities (MedDRA) hierarchical classification, over the period of a year before and a year after index date. Additionally, seven selected grouped medical conditions of a priori interest were defined and considered: myocardial infarction, breast cancer, chronic renal failure, hepatitis, liver damage, systemic lupus, and thromboembolic events.
Because the period 1 year before and 1 year after the index date can lead to bias due to differential medical screening between cases and controls [27] , the relative frequency of comorbidity between case and controls was further assessed by considering a longer follow-up period. Hence, over the period of 5 years before and 5 years after the index date, trends in risks and risk ratios of identified comorbidities were explored. However, in this latter analysis, in order to reduce the list of considered medical conditions to a manageable size, identified conditions at the preferred term level were grouped in a clinical meaningful way by a clinical epidemiologist with a good knowledge of the UK health system. This pooling of medical conditions into more aggregate groups (hereafter 26 grouped medical conditions) also increases the power of any comparison between cases and controls with respect to the frequency occurrence of any potential comorbidity. Indeed, because in this analysis we were only interested in the first occurrence of potential comorbidities, over the course of the follow-up period, small sample size was an issue. This is the case, particularly for rare conditions.
Statistical Analysis.
Age and gender characteristics of ITP patients together with the number of controls per case were described using frequency tables. For each comorbidity, the frequency of its occurrence in cases was compared to that in controls using odds ratios calculated by conditional logistic regression [28] . All medical conditions with odds ratios greater than or equal to 2 and statistically significant at the 0.1% level were selected, ranked by odds ratios and reported. The sensitivity of our chosen significance level of 0.1% to the risk of false positives due to multiple testing was assessed using false discovery rate procedure (FDR) [29] .
Trends for each comorbidity over the 10-year period were explored using annual incidence rates (calculated as the number of events over person-years at risk) and rate ratios (with 95% confidence intervals) between ITP and non-ITP patients. Confidence intervals were calculated using the Clayton and Hills formula [30] . To complement the analysis of annual incidence rates, a cumulative risk analysis [31] over the 5-year post index period for each of the comorbidities is performed using log rank test. All analyses are performed using SAS version 9.1.
Results
Description of Cases and Controls.
A total of 1033 incident physician-diagnosed ITP cases during the period 1990-2004 were identified, 578 (56.0%) of whom were females. A total of 3700 controls were selected, and Table 2 presents the distribution of number of controls per case, 69% of cases had 4 or 5 controls. ITP patients and their matched controls had a total 2366 unique medical conditions at the PTL of the MedDRA classification. Figure 1 and Table 3 show medical conditions with an odds ratio (OR) greater than 2 and significant at the 0.1% level. Conditions are sorted in descending order of OR. Clinical signs or symptoms known to characterize ITP are strongly associated with ITP (i.e., purpura, OR = 146; bruise, OR = 57; neutropenia, OR = 29; etc.). There is a strong association between ITP and death (OR = 60.0; 95% CI [4.47-806 .0]). It is also important to note that more than 90 conditions are associated with ITP in this analysis despite our use of stringent criteria (i.e., an odds ratio greater than 2 and statistically significant at a 0.1% level). The use of the false discovery rate procedure to control for the increasing risk of false positives due to multiple testing indicates that setting the significance level of each individual test at 0.35% would have guaranteed a targeted overall 5% level. So, our choice of 0.1% as a significance level is on the cautious side with respect to expected false positives. As noted above, all of these significant conditions were grouped into 26 broader conditions as shown in Table 4 .
Some of the medical conditions are rare and/or only found in the ITP group. Because of this, odds ratios, even though quite large (i.e., >2), they may not be statistically significant. Medical conditions with odds ratios greater than 2 but with no more than one event in the control group are thrombocytopenia, petechiae, splenectomy, purpura, haemorrhagic disorder, sepsis, bronchopneumonia, headaches, gingival, guttate psoriasis, acute pancreatitis, pleural effusion, restlessness, and somnolence.
Longitudinal Approach and Cumulative Risk Analysis for
Grouped Conditions. Table 5 presents, for each of the 26 grouped medical conditions, over a period of 10 years around the index date, yearly incidence rate ratios, between cases and controls, and their 95% CI. Results can be summarized as follows.
(i) Conditions that have a significantly higher frequency of occurrence in ITP compared to non-ITP in at least one time period both before and after diagnosis: haematological diseases, dermatological conditions, bleeding disorders, gastrointestinal diseases, autoimmune disorders, and constitution conditions.
(ii) Conditions that have significantly higher frequency of occurrence in ITP compared to non-ITP patients only after index date: oral conditions and infections.
(iii) Conditions that have significantly higher frequency of occurrence in ITP compared to non-ITP patients during only the year of ITP diagnosis or a year before: neurological, coronary artery syndrome/myocardial infarction, genitourinary, musculoskeletal, ophthalmologic, skeletal, and edema.
(iv) Other conditions with no statistical association with ITP.
None of the conditions was found to have a negative association with ITP.
The analysis of conditions of a priori interest (the 7 grouped comorbidities) shows that over the 10-year period, none of the annual incidence rate ratios of the conditions breast cancer, liver disease, viral hepatitis, and thromboembolic events was statistically different from one, at the 5% level (Table 6 ). This suggests that there is no evidence of an association with ITP. However, there was a suggestion of an association between ITP and myocardial infarction during the last 2 years before ITP diagnosis (RR = 3.63 and RR = 4.69, resp., see Table 6) ). There was also evidence of an association between ITP and chronic renal failure during years 4 and 5 after the index date (RR = 6.21 and RR = 6.54, resp.). Although rare (9 total number of observed events), systemic lupus occurred in ITP patients only (i.e., was not observed in control patients), which suggests an association between ITP and systemic lupus (Table 6 ). Figure 2 shows, for each of the 7 grouped comorbidities, the evolution of 4 Advances in Hematology their cumulative risk over time (i.e., the overall risk over a specific length of time). Table 7 presents the one-and 5-year risk of all 26 grouped comorbidities together with a logrank test of difference of occurrence between ITP and non-ITP. These latest analyses further suggest ITP association with medical conditions: neoplasm, constitution, after index date. These associations were not observed in earlier analyses, probably because of insufficient numbers.
Conclusion/Discussion
We report here an extensive database exploration of medical conditions associated with ITP. First, comparing the frequency of occurrence of each considered disorder in ITP patients and their matched controls, we systematically selected all medical conditions that are likely to be associated with ITP. Then, pooling those selected conditions into more aggregated groups and exploring the trend in their yearly relative frequency over a ten-year period helped us put observed associations into perspective. We found that ITP is associated with a considerable number of medical conditions, a good number of which to our knowledge were not systematically reviewed before. The association between ITP and some of these conditions (or group of conditions) is apparent both before and after ITP diagnosis. These conditions are hematological diseases, dermatological conditions, bleeding disorders and constitutional conditions, for example, chills, rigors, malaise, and lethargy. The nature of these observed associations suggests that either these conditions share similar causal pathways as ITP or they predispose to the diagnosis of ITP.
There are also conditions associated with ITP only after ITP diagnosis such as oral conditions, infections, gastrointestinal, and autoimmune disorders. This could be indicative of ITP being on the causal pathway of these conditions, an adverse effect of any of the medications generally taken by ITP patients or were conditions not screened for prior to diagnosis of ITP. Further studies are needed here to disentangle the disease (ITP) effect from potential medication effect and other contributing factors.
Conditions associated with ITP only during the years around diagnosis are more likely to be a result of diagnosis bias as mentioned earlier.
Strengths of the current study include design, simplicity, large sample size, and its systematic nature. Indeed, ITP is a relatively rare disease, and only large healthcare databases with long follow-up such as the GPRD could provide an appropriate base population. The design first considers cases and comparable controls and both a cross-sectional and longitudinal approach. By comparing the frequency in ITP patients of potential comorbidities to that in controls matched in practice, gender and length of follow-up and thus, computing the relative risk within the same study base, numbers of confounders are controlled for, including seasonality. We also systematically considered all medical conditions on patients' medical records as potential comorbidities. This is an important consideration for a hypothesis generative study such as this.
A potential limitation of this research is perhaps our subjective grouping of conditions at the preferred term level, in order to obtain aggregated and thus more prevalent groups. We believe, however, that the differences in potential grouping would be unlikely to strongly impact the conclusions. Our attempts at using a more automated and systematic grouping, such as a higher than PTL level of the MedDRA classification, proved difficult, mainly because of the overlapping nature of groups at the higher level of the MedDRA classification.
Children and adults were mixed. Childhood and adulthood ITP may differ significantly, and as comorbidities in the two age groups, it is arguable that a separate analysis of each age group could have added potentially useful information on the age grouping of identified comorbidities. However, we believe that given the reduced number of ITP cases, stratifying our sample into adults and children, there would be less power to detect some of the comorbidities and thus may not be able to identify some of the comorbidities identified when the groups were combined.
Selection bias is also a concern. Within the current design, although the use of a registration period of at least 1 year before any investigation maybe considered standard in database observational research and increases the confidence that new reports of a disease refer to new incident conditions, the requirement of having at least 1 year of enrollment after identification may have biased some estimates. Some patients because of the severity of their condition may have died or been transferred within a year of their diagnosis. The likelihood is that these patients had more comorbidities than those not transferred or who did not die. The impact of this is likely to result in an underestimate of the associations observed. Other sources of bias include differential screening between ITP and non-ITP patients. Patients with a diagnosis of ITP might have a higher chance of receiving a diagnosis of other disease due to regular follow-up GP visits. Thus, the likely relation between GP consultation and frequency of comorbidities imposes cautious interpretation of the extensive list of conditions found here in association with ITP, particularly for those associations only evident during the years around diagnosis date.
Our stringent selection criteria also have limitations in this study. Indeed, we may have missed some of the potential comorbidities because either their OR was less than 2 or the associated P-value was greater than 0.1%. Indeed, the false discovery rate indicates that a significant level for each individual test of 0.32% would have guaranteed an overall significance level of 5%. These last two points may explain, for example, why cataracts are not in our list of conditions found in association with ITP. Indeed, oral corticosteroid (OS) use is one of the first line treatments of ITP, and it is expected that a substantial number of our ITP patients would be taking corticosteroids compared with non-ITP patients [5] . A number of studies have consistently shown an increased risk of cataracts associated with corticosteroid use, although the risk is generally not found to be more than two fold [32] . Our stringent criteria excluded comorbidities with less than a two-fold increase in ITP patients compared to non-ITP, as is the case of cataracts.
Another limitation of the current study is our choice of the MedDRA classification. Indeed, data in GPRD are reported by physicians in READ or OXMIS codes and latter mapped to MedDRA. Not all medical conditions would have a correspondent PTL of the MedDRA classification. This may only limits the number of potential comorbidities we could explore. Indeed, there is no reason to believe that conditions with no corresponding PTL on the MedDRA would be systematically more frequent in cases compared to controls. Thus, its impact is more likely to be on increasing the list of potential comorbidities, rather than dismissing some of those selected here.
We did not consider medication use, and thus our analyses are not adjusted for this. Indeed, diseased patients are likely to be taking medications, some of which are associated with a higher risk of other conditions, as it is for cataracts and corticosteroids. Hence, some of the observed associations may be the result of medication use and/or concomitant use of medications and not the result of the condition itself. Also, age influences the pattern of ITP expression [33] through its association with medication use, including for cardiovascular conditions. Hence, some of the identified comorbidities, rather than being directly linked to ITP, may result from a complex interaction between other comorbidities and/or medications used against these comorbidities. Only specific and targeted studies would be able to disentangle the effects of medication, disease, and other factors.
So, to conclude, two or more medical conditions can cooccur because (1) there is a direct causal relationship between these conditions, whereby the presence of one makes the other more likely to develop, (2) there is an indirect causal relationship between the two conditions, whereby one condition affects a third variable in a way that makes the second condition more likely to develop, (3) there are common factors that increase the risk of both disorders, (4) the occurrence of one of the medical conditions is associated with medication used to treat the other, or (5) other reasons [34] . The diagnosis of ITP is complex and based on exclusion of other causes of thrombocytopenia. There is also relatively little epidemiological evidence on the disease. To the best of our knowledge, this is the first study using large healthcare databases to systematically explore comorbidities of ITP. This study aimed to support what we know and then potentially glean additional insights from this rich data source, which might then trigger further interest in setting up additional specific focused studies. This should be done in a variety of settings. These targeted studies should also help the understanding of the underlying mechanism. The current exploration suggests that ITP, despite being a rare disease, is associated with a considerably higher level of mortality risk as well as an extensive list of comorbid medical conditions. For ITP patients, this increased quantitative understanding of ITP comorbidities hopefully may assist in improved disease management of ITP patients.
